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Effects of Endrin on Toloncaphnlic Funchon in 1ho Pigeon
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The chlorinated h\'llrmnflmn gwﬂidtlc* have hnpnrmnl ami undmimhlL toxie cffcus L
un many vertebrates, Fish, bivds, and farmers have alt been polsoned by exposure to T
these cmu]mmul* (Rudeleff, 1964), There is no certain knowledge of the mechanisms
through which these insecticiles exert thelr toxie effects Endein, the most - toxic of
the chiurinated hydeocathon pestichles (Radeleff, 1904), is llum;.hl to aet fargely nn
the centrad nervons system [UNS), since bebuvioral obseevations indicate tiat (lt‘lllh :
from expurimental endein poisoning is assoctited with cun\'ulwlum ans! other m-cnllml
CNS signs (Winteringham and Baeses, 19558),
" However, 0 more detailed knowledge of the effects of- endrin on’ the (.\‘S Sees L
duesialile. 1 the compound §s simply 1 convilsant ot high doses, with Jidile other
eficct on the ONS at lower duses, Le., Bts loxleity Js a threshold phenomenon, then
cantrol of these toxie shle effects of the drug may be achieved by relatively simple”
. contvnls of potentinl exposure, 1, an the other hamd, endrin s o highly specific amd
cumulative neurotoxin (Dale ¢ o, 1962) with tlvtrcmhlc llvlowrinm effects on the’
ONS ot relatively low doses, then righd - control of endrin. usage may_ e aecessary,
There tave been few diecct measirements of the effects of endsin (or related coms A
Cpounds) on the vertebrate brain, wid these have uot clearly differentiated l'ct\\t-cn S
the genertl and specific ONS effects of these hm-c!!c!dv-. ((‘u\ulw el ul., WSZ i
MeNwmaen and Keop, 1948), ‘
Consequently, the effects of endrin on several . ncuruplwuiulu;.ic sy m‘am were®
stulied., The specific systems setected will be deseribed in the appropriate section of .
Results, Birds were chiosen s the experimentil subjects” since they are koown to by '

'_n

- unusuilly sensitive to endrin, and since pesticide poisoning in birds is o mnui:lernhle . K
econumic prnhtvm (_lmm«c wnd Duavis, was, \\'nrslcr et al., 1965) S T N
'. . - * v “‘:‘: ‘ - . e \‘:},
m.mum. 3 S : N

Female \\hilL Carneius |aigvum \wi;.,hl:u.. uhuul 5005, were uwd iu this -lmlv The .
animals were anesthetizod-with pentobarbital or wrethane stowly injected “to effect” . !
“into the brachial- vein, Pentobiaebital s rapidly metabolized in the bird amd was wseful PR
In experiments where viriations in tepth of nnesthesia were desired. Urethane in doses R '
from 1.0 o 1.6 g/kg pave an extremely’ stable level of anesthesis lmun]., for many
houes; it was the most [ruluumly usedd ‘anesthetie in these experiments, ‘The anes- o
thetized birds wete placed in spectul head holders in o stereotasic insteument, Record- 77 - 1)
- ing electrodes were stereotactically placed at-selected points in the telencephaton, C T
* ‘The nost usu: ‘U loci were the hypersteiatum .|qcc;~uriut_n, ncoz-lri;lttltn caudale, and
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the ectustelatam (Flg. 1) The weconding electrmdes were lniuoplpulu»a of about 1

megohn impedance, flled with 3.3 NoCl Recordings were “monopulue®® against the

frame of the stereotuxte instrument. Paire of stabiless steel microdecttotes were also
“used; Unde dp diameters weee 123 4 and the tip separations were 0.2-0.5 mm, ‘The ;

stimhithyg clectrades were J-harrel mbcroplpeties wi hoan overall tip diameter of

4060 . filled with 3 3 NuCL “Two of the barrels were used for stimulating, the thind

fur recotding or as a reserve, ‘The assembly gave stable stimulus thresholds and very

ucolized stimubdon, Tnsulited studnl-s steel wire pafrs were alsy wsed, I ibiz cnse

the eleettode tip ditmeters were 0.010:0.05 mun and e tip separation was abow 0.25-

»
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Mesencephalony
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Dotsal ;rholarﬁus-‘

N_“"’“.”_"’”“_"“'l' s Poleostriatum G striotuim Frontalo
Dluncophalon’ T
T © o mm

© #i, L Avian néureanatomy: A-dlacrammatie saeital sccion of the phican braln, The, plane,
ut the scction b alout 2.5 mm lateral (o the mbdiine, The cdlostiidum, tepresentedt by the dotted
fines, is .Smm fateral to tlu: plane of the \u:lln.n. The 2-mm calibration mark s approxinite,

0.50 mm, The I-II-ZG and evoliedd potentials were rucurdt':l on jnkewriters amd flm,
respretively, The amplifyiog, stinwlating, amd recording systems were conventiona, -~ «
ux were the neurohistolugle procedures used to confirm the electrode positions, :
urificd: endrin was obtained commercially, ‘Phe compound wis administered vin': -
a cannuls fn the brachial vein, 11 was dixsolved cither in othyl slcobod ur in dimethyl
_sulfuxltie, Hoth solvents were without detectable effects on the newr, mlulric phetiom-
ens itlldiul in lhu ||u.|mlllts inju.lud '

' T RESULTS S o R
 Endrin Jntfcm- o ' o . o
“The first stcp in lhis slu(l\' was the (lulurmin.niun uf an approximate LDy fur

endein in the unanesthetized bird 1o serve as a guide to dosage In the anesthetized

prcpnrmion. l\wl\'c birds were ll‘L‘tl The 1, l)-m for intravenous endrm wias I‘uumi lu

L The mhn nuumm:uumiml lum:lrwlm.y u-cnl is llml of I\umn-rc et gl (l'u-O).
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be approxioately 1.5 mgskg The slope of the doseeresponse curve was very steeps
1.2 mygskp was an BDo wherens 2,0 mu/ky approsimated an Ly, Severely polsaned

~hirds showed totile-clonle convalstons which began 20-30 minutes after endrin injece
© - thon, The selzure pattern’ was siimilae to that seen after pentylenetetrazole polsoning

and hus heen deseribed previonsly (Wisterbngham and Barnes, 1935), These: convnls
slots were usually lothal within about an hour of the initdsl  dzure, 1 the birds sure

< vlvel longer than ihig, they generally rcovered completely, ‘The surviving birdy

. showed no grossly (lulu.mlnlu wmplnm.ttulu;.\- beyomd 4 houts difter drug injection,

n Ihls n-.«pm Byl mul chronle emlrln polsoning differ considerably,

I.jh cts of Endrin on EEG in dnesthetis rd Pigeons

CThe spuntanenys u.m.lrlull netivity (10 l.ln) recorded from llw surface of the avian
cerehrum under gormal conditions §s 4 mixture of high and low frequency waves

looking very meh like the pevcortical BEG of mammals - (Bremer of af,, 19395

Ookawn nnd Gotoh, 1965), Recordings €rom must of the subsurface structures In the
avian telencephalon are similar except for those from the neosteiatum intermediale.
celostriatum-apterioe neostrintum candale comples, “These structures were churicters

fzedd by a very large-amplitude ehythmic spikelike wave frm, The duration of the -
wives wis 50-200 msee, ahd thelr uverage freauency wis w.ont 3/see ( Revzin, 1965),

AL endrin doxiges of 1.2 kg, an inerease in wave frequency was seen, together
with an Increase in the high-freguency components of the surfuce EEG (Fig, 2),

With doses of endrin above 3.0 mg/ke wizure discharges were seen in all pants of ‘

the telencephaton (Flg, 2). The largest amplitude discharges were seen In the ectoe 6
strlitum, amd often were seen here before dlectrogeaphic chinges were seen in other.

structtiees, Furthermore, selatre activity was frequently more prolunged n the ecty-
strintum than in the other ONS structures, The total duration of . selzure ranged
fram 3 seconds to about & minute, The selzure was followed by quiet period of

5-13 minutes, after which inother selzure would vecur, However, the inters and intrae .
animal \'m'fnlulltv fn the selzure patterns was very grewd, so that litle meaning can . ...l

now be attached 1o the duration of the parts of the seizure evele, No overt mtor

phencmens were seen at any Ume during or after these selzures. "Thus, to effective
convulsive activity was prup.m:ucll from the discharging telencephalic centers info

the spinai cordd or medublu, and, therefore, in contrast to strychnine, endein had litle

direet convulsive activity on neuronal structures in the spinal cord or medulla.. Singe® 2.

motur signs do appear’in normal unanesthetized animals after uulrln polsoning, it is

assumed that twe anesthesia effectively blocked prupmmiun ul‘ wimr\. lllbl.h.lﬂ,l.s ‘

feom tie tefencephulon o the lower motor centers.

The clecirograpliic effects of endrin are complctul.} 'hlod-mi l:\' ml’l:dont tloscs o(

pcnmb.lrhil.ll (llg.‘ZL lfig. 3C)

I' nilrin 1 gn 15 on Reticular .Stmmlatfun

-Slimulmiun of the nscending n.-liculur'u'cll\":'uing s,\".\lém (;\R;\S)_in plgeons canses L .

a “desynchronization” of the EEG Th telencephalic structures (Revzin, 1065) (Fig. 3).
This dcs_\ nchronization Is similar to that'seen in mimmals foliowing ARAS activation

(Moruzzi and Magoun, 1949), The _t“ITt't.l'& of ARAS stimulation differ somewhat in

v
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Fio. 2 (A) Normal recordings from the ectostrivtum (rrte) and  hyperstriatum nccessarium
tha) in a pleeon anesthetieed with urethiane, Note the tendeney fur the splkelike wave forms
w form clusters anit the fack "of temparal relalonship between “splking™ activity o the two -
Lrafn areas. (1) ‘Faken 30 minutes after 2me/ke of endein, Increased spaking and bish frequency
activity in both leads, and “selzuce™ actvity In the bypestriatum, (€) ‘Taken 20 minutes aller
"B and 10 minules after 15 me/ke of pentobarbitl, The anesthetle effeetively suppresses the endein

effect, (0} One minute nlter record € another 1 merke of “endeln wis nlum ‘This record was " .

taken 30 tulnutes later. Full electrographic convulstom re seen n the ectostrintum, bat not fn

the hyperstriatum, l‘m|.:u.|ll|m of the scizune fmm the tcimttlnlum dig ugeur . In tlll\ 'mlm'ﬂ. R

. but not lrumcﬂlb
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Fu. A, (:\) (.umml recond Ili.m In i pleesn .mullutlml with urethane, ‘The’ .muthc-la way .o
Lieht su more Yspiking® s veen here than In Fik. 2. The nucleus pottis veafis was stimalated at "%
100/«ce fur § seconds, hulicated by the vertiead ‘Bines, Note “desynchropleation,” marked In the . .

_cctostriatum Ceeto) and the hymrsulatum acceseorium (had, hut nm very prominent inothe oY -
neostriatum il (ned A1) Sime, 40 minutes after enilein, S miske, Scicore actvity wis v
Yeited) 1o the estostriatum ot this. time, Reticutar stimulation caused 8 suppression of seleore’
activity and a poststimulus rebound effect. (L) Same, 20 minutes nfter lu.nmlmhllnl 0 m:..!l.u.. .
fecotd {s vear numml i - '



S, --m..-.......,..,-.-..\

30 A ML RIVZIN

the varjous telencephulle nilel (Reveln, 1968), hut 1lu-‘|.- differences are ot relevant
tv the present dlscusston.

Endrin In subconvulsive doses has Htle or no utfu:l upnn ARASfndeced desyne
chrontzation of the avian EEG, Endrin given in convilsive doses hax a diphasie action
upems the effects of ARAS stimulation, Within the first 1015 minmes after endrin
adwintstration, the threshold for desynchrantzation rises by about 2595, Thresholds
teturn to control levels about 20 minwies after endein infection, "Then, as fast activily

unil selzures devetop, the thresholds drap 10 $5-90¢% of the controd values, This occurs
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k3 The tower line shows” mlumln-vctuslrl.nl.ul evuked” |mlmthh (I{l 1y Infuu-. (LI TIT I

45 minutes after d mp/kyg of emdrin, The upper line shows RE$*s before and after 60 murke of
pentylenetetrazole. “The endrin dose wsed was nol quite sufficient 1o Ilitee selzure activity in this

bird; the dose of pentylencietrnzvle given was about theee Gimes thay needil to Induce seizuees,

Fhe records pre Jaken from different expesimeniy, “The records in the upper serles are photographs
ol 10 superimpwostd swreps n( llw ostllnscope lmm' the lm\cr scries nre |rhutm.t.l|lh- ui o tame
puter teacd-oul, - .

L . I'd

“ahout 30 minutes after endrin wlministration, “Ihe thresholds remained ightly below

~cuntrol levels for the duration of the experiments (2.4 hmm) These threshuolds were

obtained during the interseizure intervals or while fast activily was increasing just
_prior to a seizure. During the seizure, and for a shurt tme thereafter, ARAS stim-

- ulation was frequenty withowt detectshie -effect -on electrical activity. . However, .
rediction in the amplitude of sclzure discharge or an inhibitlon nf thc dl-;cl:.m,.m wis

-often sech duriug ARAS stlmululiun (Fig. an). P

I m!rin Lﬂccls on Evoked Potentials in Hrr Awrm Visual l’ra}cr!mu bvslcm

: We are immigullng a.projection pathway by which visual impul«: tire rcln; ed -

into the'avian telencephalon, One of the stages in this relny system is a monosynuptic

, |)tﬂIlCl|0I‘l from |Iu: nuclcm rutumlus, the lur;,c-at nml hest tliﬁ'e onlimul nuclcus in.-

..
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< the avian diencephalon, w amther large nuclens, the ectostrintum, I the telenceph-
. alon- (B, 1), Mier electrieal stimulation of the nuctens rotundus, 8 comples ol
7 very Inrge evoked potentinl, the rotunco-cctostelatal potential (REDP), iy produeed in
© the cetostefatum, ‘The REDP bis two components, an eatly aml usually smadl die or
C triphaste aplke whth o peak lateneg of 2.3 msee, sl o later, longer duration mul
~larger negativeepusitive wave with o peak latency of 5.7 msee, ‘The carly: response

fs i “radigion response? representing the setivity In the rotwsdeecctostriatal nerve

Cfiberss "he. later wave represemts the mean rexponse of, eetostristal neirones 0’ the

incombng nerve volley, Stoce the nuclet ure lirge and accessible, and the potentialy
“arge and stable, tlw rummlu cumlrluml ¥ '\lvm ls very useful (or nuurnplmrmacu-
- logle anatyses, -

Admindstration of endrin catnes llcu-cmh!e incruw in l!n.- :nmplllmlc of the late

‘;phmc of the RED at dosages of 0.5-1,0mgske’ (Le., about 30% of the 1B for

stfaure :wll\-h\'). At _doses of endrin nene selaure levels in the mumthulln-cl niimal,

amplitude of the unrh‘ ph.l-u uf the RE I’ (the r:ulfmfun rcqmndv) Is uul ':ﬂ'u‘lwl

o by endein (g, 4);-

CThe effects of pvm\'lmclolr.mnh_ were also studied, l'hls compound, liku cndrin,

< had no effect on-the radiation response, -and also ciused an increase n the later
v:nmlmnum-. of llnL Rl i, This latter effece was smadl wnd inconsistent, the Increase”
never exeeeding 250 G (Fig 4. Farthernore, the dose of |wnl\'|mwlulnmﬂu required

to shoi this REP fnerease wus 2-3 times the dose required to dnduee clectrographic

S uhout & nig/ki, the REP muy reach 2.5 times the contrel amplitudes (Fig, 43, The .

seizures in the cctostrintum and aiher forcheatn structures, ‘Thus, the RED facilite. -

D

~ Adwinistration af adequate doses of endrin to birds will induce electrographic
seizure aetivity In telencephatic structures and will fachlitate certain evoked potentials,
These findings confirm the previous evidence that eadein and, probably, the other

chioeinated bydroearton pesticides are nulrulu\ins in \'vruhr.m-w The present rcsulls

permit some further. conclusions,
An objective of this investigation was to (lulcrmiuu \\lelur t-ndrin shuws o selége

_tive pattern of toxleity or is 1 “gencral’” CNS stimulant, “I'here is evidence for both

possibilities. At e"ases fn excess of 4 mg/ky In the anesthetized animal, endein wilt

Induce sehares i ull telencephalic’ nuclel examined.”‘There is no clear evidence of -
propagation from any ote center W the othess at these doses, ‘hus, endrin in sufficient -

dosage iy be considered a nonspecific or general \b cunvul-..mt, analogous perhaps
o slr\'clmlne or pentylenetetrazole, | - .

- However, i lower doses the convulsions seen are not. i:lcmic.ll in all nuclel, 'th'. AU

thm indueed In' |wnl\'Iunvlulrnmlu difiers cumhlvr.tlll\' l'mm that Indueed h\' cmlrlu.

e DISCUSSION SRR -;‘.,.‘_.:. ,l,::'_‘.?'_,.l e e

amplitude of the seizure discharges s much larger in the ectostriatum atud adjacent [

portiuns of the neostrintunt than in the hypersteintum, the paleostrintum, or in the

~surfuce leads. Furthermore, both the buildup of bigh-frequency activity which Pre-
cesles selzures and the Inftiation of seizure discharges often occur in the cctosteiztum .
- prior to their appearance in other nuclel, although the opposite was not seen, In addi- -

tion, the -duration of the selzure discharges ‘iends 1o, be longer in the ectostriatum

than in other structutes, §n some experiments, indeed, seizure activity was scen only '_
- in the ectostriatum (Fig, 3). There Is too much variability in these records (o justify

e op.
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a detinbtive comcluson, bt the foregoing certalnly supgests that the celostriun s
more sensitive o endrin than the other forehrafn stenctures (Fig, 2). ‘Vhis suggestion
is refnforced by the effects of endrin on the rotuntdo-ectastebatad evaked patential,
The compunnmd enhances the postsynaptic component of the evoked patentisl in doses
to fow (o affeet the ather electrophysialogie phenomena studied. *P'his effeet of endrin
on evoked potentials is not duplicated by pentylenetetrnzole,

Furthermure, endrin bind no effect on several af the phenomena stadied, Thus, ev i
admintstration of very large doses of endrin did not affect the “radiation response”
comprnent of the mlumlu-tcuntri.uul evoked potentials, which suggests that- eicdein
had tiele effect on the excitability of the cells in the nucleus rotundus, Also, eidein
hal relatively lude effect on the BEEG respomse to ARAS stimulation, Some small
threshold chianges were produced by etdein, However, the qualitative effects of ARAS
stimalation were frequently wot affected even at the beight of o selzure (Fig, &),
Thus, the drug probably did not afieet any component of the polysynaptic ARAS.
telencephalon projuction, Athough the presence of anestheties complicates the inter-
pretation somewhat, the absence of effects on the ARAS and the nucleus rotundus

further strengthens the 'iu;.[.c*tiun that endrin shows wlm:li\'o tuxicity \\hhin the
vertebrate CNS,

The facilitation of the REP seen after subeonvulsive duses of endrin suggests that
the compound affécts the ectosteiatun e birds a1 doses bedow those needeld W pro-
duce overt behavioral disturbances, Unpublished work in this lahoratory has estab-
Hished that the ectostelatum §s o viswal projection area probanly atlogous in function
to the visual projectivn arcas in the mammalion wlencephaton, Consequemty, it s

~ probable that endein will produce visual deficlts inbicds theough Hs action on the

ectostrintum, Furthermore, the doses raquired to produce such pereeptual deficits will

‘e aterfally lower than those necessiry to produce grossly observable behavioeal

changes, Tdeed, Jumes and Davis (1963) have recently teported visual perceptual

defichts In blrds poisoned with very low devels of DD, Bleds see, of course, highly ... ...

dependent on vision, and the viswl deficits induced by poisoning with chlorfnated
hydrocarbun insecticides would proliadly reduce the bird's ability to avokl predators
and compete fur food, Thus, the seleetive toxicity of endrin on the cetostriaum may
explain in part the unusuad sensitivity of birds toward endein anpd DT, The prac
tical consequences of this finding may be considerable, Tt would seem from the whove -
discussion that chlorinated hydvocarbon pesticides may affect bird populations
doses well below those required for grossly deteciable: lemviuml changes, Fuether -
more, the compound has o long hatflife I the body and can accumulite even when
envirommentsl levels ate low (Dale o af,, 1962). This suggests that in a:tuations

‘where the luss of bird pupulations is ecologleally or ceonomicaily undesteable, the

use of chlorinated hydrocarbon pesticides should be reviewed very carefully, Although
similar refective toxiclty patterns hive not been’ cullclmi\'d\' demonstested in mame

“mals, there is evidence of their occurrence in animals (Philips atd Gi'nan, 1946)

and in man? Tlhus, much further rcwurch into the nuch.mi«m-t of pm.nchlc ln'cldl\' '

i ln the veriebente CNS seems indicated,

2 Personal wmmunluﬂlun from Pr, . David R, Meteali, Unlversity of . Colorulo, Denver,
(.ulur:ulu. . ‘ n
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. SUMMARY

Intenvenmin InJectlon of viuddn In the nnesthetleed plgeon Induced o number of chitnges o
telencephiatie neuromal functlon, Dowges of 4 me/ke or more enused selzuee activity throughout
. the telencephation, AL 208 tmerkiz, etudrin caused selaure activity Targely Hmlted to the cetosteiatum,
u dedencephalie siaal projection area. At 0.3-2 mazkse, endtin capised 5 dpedfic fnerease of paten.
tale evohed in e ectostriatum by stimulation of the nucleus otaidus, a dicheephnlic sisual
Drojection e Retieular formatlon fanctiuns ested were Higle aifected by ehdein al any dosige
testal, 1B susciested that relatbvely tow braln levels of endrin may impade sisual fonction In
Blnds, b that this visual impalrment could be o major factor underlybng g well Llnmn sensl-
tivity of Girde towand the chlurinated hydrocithon pestichites, -
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